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ABSTRACT 
 
In this dissertation, coconut fiber once added to the mixture with cement, 
has been examined to test its thermal conductivity and its resistance under 
compression test. In fact, substituting synthetic fiber by natural fiber could 
decrease the cost of construction as well as decreasing global warming. This 
research was based on gathering information regarding synthetic fibers and 
natural fibers in general, however focusing on coconut fibers. This 
dissertation has researched about composite materials mixed with cement 
and its properties according to research performed in the past. 
 
Experiments that occurred in this dissertation were mainly focused on 
sample behavior under high temperature and the samples heating 
conductivity, the same samples will also be used to examine its failure point 
under compression test and its stress values.  The experiments consist of 
seven samples where three samples have different weight values of treated 
fiber starting with 1%, 2% and 3% of the sample weight, three samples have 
the same weight of treated fiber and the final sample has 0% fiber, with an 
optimum length of between 1 to 3 cm. 
 
The results indicate that there is no relation between increasing coconut 
fiber weight with increasing its thermal conductivity. This dissertation 
indicates that untreated fiber has higher thermal conductivity compared to 
treated fiber with the same percentage of fiber. In fact, a sample with 2% 
treated fiber has higher thermal conductivity than 3% samples. However, 
this dissertation found that samples with 0% fiber have the same results in 
compression test as it does in 1% & 3% untreated fiber. Benefits of adding 
coconut fiber in reinforced concrete have been highlighted in the 
conclusion.
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 iii	
University of Southern Queensland 
Faculty of Health, Engineering and Science 
ENG4111/ENG4112 Research Project 
	
Limitations	of	Use	
 
 
The Council of the University of Southern Queensland, its Faculty of 
Engineering and Surveying, and the staff of the University of Southern 
Queensland, do not accept any responsibility for the truth, accuracy or 
completeness of material contained within or associated with this dissertation. 
 
Persons using all or any part of this material do so at their own risk, and not at 
the risk of the Council of the University of Southern Queensland, its Faculty of 
Engineering and Surveying or the staff of the University of Southern 
Queensland. 
 
This dissertation reports an educational exercise and has no purpose of validity 
beyond this exercise. The sole purpose of the course pair entitled “Research 
Project” is to contribute to the overall education within the student’s chosen 
degree program. This document, the associated hardware, software, drawings, 
and other material set out in the associated appendices should not be used for 
any other purpose: if they are so used, it is entirely at the risk of the user. 
 
 
 
Executive Dean,  
Faculty of Health, Engineering and Science
	 iv	
CERTIFICATION OF DISSERTATION 
 
 
I certify that the ideas, designs and experimental work, results, analysis and 
conclusions set out in this dissertation are entirely my own effort, except 
where otherwise indicated and acknowledged. 
 
I further certify that the work is original and has not been previously 
submitted for assessment in any other course or institution, except where 
specifically stated. 
 
 
Abdulaziz Alsinan 
W0083684 	  
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 v	
ACKNOWLEDGEMENTS 
 
 
This dissertation consumed a significant amount of work and research. This 
would not have been easy without the support of many individuals. 
 
Firstly, I would like to take this opportunity to say a big thank you to the 
University of Southern Queensland and its staff for their continuous support 
during the past few years. 
 
Secondly, I would like to thank my family, especially my wife, my father 
and my mother for their non-stop support and for their wise words to me. 
Also I would like to express my gratitude to all my friends for their time and 
effort in supporting me in difficult and challenging times. 
 
Finally, big thanks to my supervisor Dr Belal Yousef for his 
encouragement, enthusiasm, knowledge and understanding during the 
completion of this dissertation. 
	 
Table of Contents LIST	OF	FIGURES	.................................................................................................	1	LIST	OF	TABLES	..................................................................................................	3	LIST	OF	APPENDIX	.............................................................................................	4	LIST	OF	ABBREVIATIONS	..................................................................................	5	CHAPTER	1	–	INTRODUCTION	.........................................................................	6	
1.1	 INTRODUCTION	.............................................................................................	6	
1.2	 BACKGROUND	...............................................................................................	6	
1.3	 RESEARCH AIMS AND OBJECTIVES	......................................................	7	
1.4	 EXPECTED OUTCOMES	...............................................................................	7	CHAPTER	2	–	LITERATURE	REVIEW	..............................................................	8	
2.1	 BACKGROUND ON SYNTHETIC FIBERS	...............................................	8	
2.2 	 BACKGROUND OF NATURAL FIBERS	................................................	10	
2.2.1 	 TYPES OF NATURAL FIBERS	.................................................................	11	
2.2.2	 NATURAL FIBER PROPERTIES	...............................................................	13	
2.2.3	 APPLICATIONS OF NATURAL FIBER	.................................................	14	
2.2.4	 ADVANTAGES AND DISADVANTAGES OF NATURAL FIBER	 15	
2.2.5	 APPLICATIONS IN CIVIL ENGINEERING	..........................................	15	
2.2.6	 CONSIDERATIONS OF USING NATURAL FIBERS IN 
BUILDING MATERIALS	.............................................................................................	16	
2.3	 COCONUT FIBER	.........................................................................................	16	
2.3.1	 COCONUT FIBER PROPERTIES	...............................................................	17	
2.3.2	 PREVIOUS WORK ON COCONUT FIBERS	........................................	17	
2.4	 BUILDING WALL CONDUCTIVITY AND ITS IMPORTANCE	........	18	
2.5	 WALL MATERIALS BASED ON NATURAL FIBER	............................	18	
2.6	 ECONOMIC ASPECT	...................................................................................	19	
2.7	 MECHANICAL PROPERTIES	....................................................................	19	CHAPTER	3	–	METHODOLOGY	......................................................................	22	
3.1 INTRODUCTION	..............................................................................................	22	
3.2	 MATERIALS SELECTION AND PREPARATION	.................................	23	
3.2.1	 MATERIALS SELECTION	...........................................................................	23	
3.2.2	 MATERIAL PREPARATION	.......................................................................	24	
3.2.3	 MOULD PREPARATION PROCESS	........................................................	24	
3.2.4	 SAMPLE PREPARATION	.............................................................................	25	
3.3	 EXPERIMENTAL PROCEDURE	................................................................	26	
3.3.1	 HEATING CONDUCTIVITY	.......................................................................	26	
3.2.2	 COMPRESSION TEST	....................................................................................	29	CHAPTER	4	 	RESULTS	AND	DISCUSSION	................................................	31	
4.1	 INTRODUCTION	...........................................................................................	31	
4.2	 THERMAL CONDUCTIVITY OF THE MATERIALS	...........................	31	
4.2.1	 INFLUENCE OF 1% FIBER ON A SAMPLE	........................................	32	
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		
4.2.2	 INFLUENCE OF 2% FIBER ON A SAMPLE	........................................	34	
4.2.3	 INFLUENCE OF 3% FIBER ON A SAMPLE	........................................	36	
4.2.4 CEMENT ONLY SAMPLE	................................................................................	38	
4.3	 THERMAL REDUCTION	.............................................................................	39	
4.3.1 	 INFLUENCE OF 1% FIBER ON REDUCTION RATE	.....................	40	
4.3.2 INFLUENCE OF 2% FIBER ON REDUCTION RATE	..........................	42	
4.3.3 INFLUENCE OF 3% FIBER ON REDUCTION RATE	..........................	43	
4.3.4	 INFLUENCE OF 0% FIBER ON REDUCTION RATE	......................	45	
4.3.5	 SUMMARY OF REDUCTION RATE	.......................................................	46	
4.4	 OPTIMUM MATERIALS	.............................................................................	46	
4.5	 PRELIMINARY RESULTS FOR COMPRESSION TEST	......................	49	
4.6	 SUMMARY	.....................................................................................................	51	CHAPTER	5		 CONCLUSION	AND	RECOMMENDATION	.........................	52	
5.1	 CONCLUSION	................................................................................................	52	
5.2	 RECOMMENDATIONS	................................................................................	53	REFERENCES	.....................................................................................................	54	
APPENDIX A PROJECT SPECIFICATION	........................................................	60	
APPENDIX B PROJECT TIME LINE	..................................................................	61	
APPENDIX C RISK ASSESSMENT	.....................................................................	62	
APPENDIX D SAMPLE PREPARATION & HEATING CONDUCTIVITY 
TEST	...........................................................................................................................	64	
 
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 1	
LIST OF FIGURES 
 
Figure 1:  natural fibers and synthetic fibers. Source (Humphries 2009) ...... 9 
Figure 2 cement properties and details (Australia 2011) ............................. 23 
Figure 3 material preparations ..................................................................... 24 
Figure 4 shows the procedure of mixing cement ......................................... 26 
Figure 5: heating conductivity test devices .................................................. 27 
Figure 6 Zoomed picture to show sensors on samples ................................ 28 
Figure 7 measurement of distance between sample and heating gun .......... 28 
Figure 8 shows sample before compression test .......................................... 29 
Figure 9 shows sample after compression test ............................................. 30 
Figure 10 represents the temperature for sample 1% untreated fiber .......... 32 
Figure 11 represents the temperature for sample 1% treated fiber .............. 33 
Figure 12 represents temperature change for sample have 2% treated fiber 35 
Figure 13, represents temperature change for samples have 2% untreated 
fiber .............................................................................................................. 36 
Figure 14 represents temperature change for sample have 3% treated fiber 37 
Figure 15 represents temperature change for sample with 3% untreated fiber
 ..................................................................................................................... 38 
Figure 16 temperatures reading on sample with 0% fiber ........................... 39 
Figure 17 shows reduction for sample 1% untreated fiber .......................... 41 
Figure 18 shows reduction fir sample 1% treated fiber ............................... 41 
Figure 19 shows reduction for sample 2% untreated fiber .......................... 42 
Figure 20 shows reduction for sample 2% treated fiber .............................. 43 
Figure 21 shows reduction for sample 3% untreated fiber .......................... 44 
Figure 22 shows reduction for sample 3% treated fiber .............................. 44 
Figure 23 represents reduction rates for sample with 0% fiber ................... 45 
Figure 24 compare all materials based on reduction percentage between 
RT1 and RT5. .............................................................................................. 48 
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 2	
Figure 25 compare all materials based on reduction percentage between 
RT2 and RT5. .............................................................................................. 49 
Figure 26 comparing between all samples based on compression test results
 ..................................................................................................................... 50 
Figure 27 comparing between all samples based on stress .......................... 50 
 
 
	  
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 3	
LIST OF TABLES 	
Table 1: Natural fiber mechanical properties (Chandramohan and 
Marimuthu 2011).	...........................................................................................................	20	Table	2:	Natural	fiber	mechanical	properties	(Ku,	Wang	et	al.	2011).	..	20	
Table 3 summary of results based on research done by (Al-Oraimi and Seibi 
1995)	...................................................................................................................................	21	
Table 3 samples properties used on this research	................................................	22	
Table 4 represents all samples properties	...............................................................	25	
Table 5 represents reading on 0, 45 and 90 minutes for samples have 1% 
fiber	.....................................................................................................................................	34	
Table 6 represents reading on 0, 45 and 90 minutes for samples with 2% 
fiber	.....................................................................................................................................	35	
Table 7 represents reading on 0, 45 and 90 minutes for samples 3% treated 
fiber & 3% untreated fiber.	..........................................................................................	37	
Table 8 represents reading on 0, 45 and 90 minutes for sample with 0% 
fiber.	....................................................................................................................................	38	
 
 	
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 4	
LIST OF APPENDIX 
APPENDIX A PROJECT SPECIFICATION	.......................................................	60	
APPENDIX B PROJECT TIME LINE	...................................................................	61	
APPENDIX C RISK ASSESSMENT	.....................................................................	62	
APPENDIX D SAMPLE PREPARATION & HEATING 
CONDUCTIVITY TEST	.............................................................................................	64	
 
	 	
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 5	
LIST OF ABBREVIATIONS 	
The following symbols have been used through the text: 
Cm Centimeter 
L Liter 
T1  Temperature on hole number 1 
T2  Temperature on hole number 2 
T3 Temperature on hole number 3 
T4  Temperature on hole number 4 
T5  Temperature on hole number 5 
T6  Temperature on hole number 6 
RT1 Reduction rate on hole number 1 
RT2 Reduction rate on hole number 2 
RT3 Reduction rate on hole number 3 
RT4 Reduction rate on hole number 4 
RT5 Reduction rate on hole number 5 
RT6 Reduction rate on hole number 6	 	
Abdulaziz	Alsinan																																																																									ENG4111/4112	
		 6	
CHAPTER 1 – INTRODUCTION 
 
1.1 INTRODUCTION  
 
 
This chapter will introduce the study, the aims and objectives of the 
research project and what the expected outcomes from this dissertation will 
be. 
1.2 BACKGROUND 
 
In the present year, climate change is a strong issue that everyone is facing. 
Researchers have examined the use of natural fibers instead of synthetic 
fibers in recent years. Researchers are using natural fibers to reduce the 
global carbon footprint and to improve the efficiency of building materials 
by using natural materials.  
 
Synthetic fiber is very different than natural fiber in-terms of its application 
and its use. Synthetic fiber is the result of adding chemicals to natural fibers 
in order to increase its properties. Synthetic fiber is used widely all over the 
world; its main applications are in the car, construction and aerospace 
industries (Riedel and Nickel 2005). 
 
Natural fiber composites have different applications in the current era. One 
of the main applications of natural fibers is in the building materials. 
Natural fiber is used in building materials to improve its properties with a 
lower cost (Ali, Liu et al. 2012). Studies have shown that concrete is strong 
in tension but it is weaker in compression, to increase its compression 
properties, natural fiber is added to the mix. Although there are many 
different types of natural fibers available, it must be noted that they do not 
all have the same properties and differ from one type to the other. 
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There is a lack of understanding on the heat conductivity of such materials, 
which led to the current study on heat conductivity of coir fiber reinforced 
wall materials.  
 
1.3 RESEARCH AIMS AND OBJECTIVES  
 
The main aim for this dissertation is to recognize how coconut fibers will 
affect the mixture, especially the mechanical properties. The main 
objectives are to understand the influence of adding the natural fiber in wall 
materials on the heat conductivity of the wall. The sub objectives are: 
 
1. To investigate the heat conductivity of different wall 
composite materials based on coir fibers.  
2. Study the compressive behavior of the developed materials  
3. Examine the damage feature on the broken samples after 
each test. 
 
1.4 EXPECTED OUTCOMES  
 
Based on the fundamental thought of insulation, presence of air in the wall 
can play an important role in improving the heat conductivity of the wall. In 
other words, there could be a significant improvement to the insulation of 
the wall.  
 
The outcome of the work will be published in a conference or journal 
article, which is a contribution to the knowledge of the building materials. 
From an industrial point of view, the savings in the heat of the building will 
highly impact on the overall costs of the project and also have an impact on 
the environment. Most of the natural fibers are considered as waste and 
using it could lead to minimizing the impacts of construction on the 
environment. 
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 BACKGROUND ON SYNTHETIC FIBERS 
 
 
Synthetic fibers could be defined as a result of research that has been done 
by scientists to improve the quality of natural fibers. Synthetic fibers were 
developed around 1920 by Staudinger, winner of the noble prize in 
chemistry 1953 (Blackburn 2005). In the last decade, scientists have 
investigated a way to improve natural fibers by increasing its strength in 
tension and compression. Researchers have been mixing natural fibers with 
chemicals (Ali, Liu et al. 2012). Synthetic fibers can be described as a man-
made fiber mixed with chemicals, it is usually manufactured or synthesized 
from oil, coal or natural gas (Zheng and Feldman 1995).  
 
After its development, synthetic fibers have been used in the construction 
industry, car industry, fishing industry and many other areas. In 
construction, synthetic fibers are not considered as primary structure 
reinforcement, however it will be beneficial while concrete is still plastic. 
Therefore, it is considered as a secondary reinforcement (Zheng and 
Feldman 1995). 
 
Synthetic fiber manufacturers have risen over the past number of years and 
there are many types of synthetic fibers. Figure 1 shows all types of fibers 
(natural & manufactured). Each synthetic fiber has a different characteristic 
and property. Majority of synthetic fibers are polymer, silk and nylon. 
According to (Mary Humpharies 2009) most synthetic fibers have a good to 
excellent rate on abrasion and tensile strength. Moreover, some researchers 
found synthetic fibers absorb less moisture. 
 
It has been mentioned by (Zheng and Feldman 1995) that a concrete that has 
a poor tensile strength can be enhanced by combining concrete with 
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synthetic fibers. (Zheng and Feldman 1995) also investigate that properties 
could increase or decrease based on the volume, weight and the type of 
synthetic fiber that has been added to the mixture, as mentioned in their 
research, adding 1% of polyester fiber (by volume) increased impact 
strength by 75%, compressive strength increased by 5% and tensile strength 
increased by 9%. In general, using synthetic fibers on concrete could lead to 
some improvements in the concrete. The major improvements that can be 
expected (depends on the synthetic fiber type) based on research done by 
(Laning 1992) are: 
 
• Impact resistance increases from 10% to 50%. 
• Abrasion resistance increases from 20% to 52%. 
• Toughness or post crack integrity increasing 15%. 
• Tensile strength increases from 5% to 13%. 
 
 
Figure 1:  natural fibers and synthetic fibers. Source (Humphries 2009) 
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2.2  BACKGROUND OF NATURAL FIBERS  
 
Previously, natural fibers have become progressively prevailing for use in 
industrial applications. This approach is likewise of developing enthusiasm 
for light of the discourse about sustainability and ecological issue (Müssig 
2010). Nature offers a great source for fibers, it could be found in plants, 
fruits and seeds. 
 
Natural fibers are environmentally friendly; using it can result in a 
reduction of the impacts of the materials on the environment. Experiments 
have been developed in the past number of years to replace glass fibers 
and rather use natural fibers in-place of glass fibers (Sgriccia, Hawley et 
al. 2008). In comparison to glass and carbon fiber manufacturing, natural 
fibers have a positive environmental impact and are industrially safe, while 
glass and carbon manufacturing are not environmentally friendly (Müssig 
2010). Health and eco awareness is creating large markets to expand the 
use of natural fibers since its environmentally friendly as an alternative to 
synthesis fibers (Blackburn 2005). 
 
The use of natural fibers in structures dates back to ancient times. 
Evidence shows that in recent years there was a growth in usage of natural 
fibers as a building material (Liu, Takagi et al. 2012). In addition, natural 
fiber usage has been expanded especially in construction areas because of 
the different applications for its use, it could be used as a roofing material 
for walls and mats and it could also be merged with the hydraulic-setting 
blinders to make different types of roofing boards, wall boards, block and 
single (Müssig 2010). 
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2.2.1  TYPES OF NATURAL FIBERS 
 
Natural fibers could be classified based on their resources; it could be from 
animals, plants or mineral fibers. Under such classifications, natural fibers 
will be divided under the following grades; bast, leaf, fruit, seed, wood, and 
other grass fibers (Blackburn 2005). Classification of natural fibers are 
determined by botanical types, by using this system, there are six basic 
types of natural fibers (Bast fiber, leaf fiber, seed/fruit fiber, grass fiber and 
animal fiber). 
 
1. Bast fiber: 
Green fiber or bast fiber is one of the oldest fibers that have ever been used 
in history. Bast fibers including jute, flax, hemp, ramie, kenaf and abaca 
could be found anywhere in the world and it is eco-friendly. It has been 
used in many different applications such as house materials, insulation 
boards and source of other bio-polymers (Blackburn 2005). Bast fibers have 
a higher tensile strength compared to other natural fibers (Chandramohan 
and Marimuthu 2011). 
•  Jute: 
The scientific name of jute is (Corchorus capsularis) (Blackburn 2005). 
Jute fiber is recognized as one of the fibers that have been used extensively 
in textiles. In some countries like India, juts bags substituted some 
petrochemical products such as pages. Moreover, even in USA and 
Australia, there is a big demand for juts bags (Blackburn 2005). 
• Flax: 
The scientific name of flax is (Linum usitatissimum L.) and it can translate 
to have the meaning ‘linen most useful’ (Blackburn 2005). Flax is the oldest 
textile fiber that has ever been used in history, it dates all the way back to 
8000 BC; discoveries in ancient Egyptian tombs shows that flax fiber 
covered the bodies of the pharaohs (Blackburn 2005). 
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Application of flax fiber on textile covers both clothing and non-clothing. 
Other applications include, floor coverings, filling or reinforcing fiber in 
composites and automotive. One of the main properties for Flax fibers is 
that it has a high tensile strength and better tenacity than glass fiber 
(Blackburn 2005). 
 
• Hemp: 
The scientific name of hemp is (Cannabis sativa L.) (Blackburn 2005). 
Hemp fiber could be categorized into two categories, long bast fibers and 
short bast fibers; each has a different application. For long bast fibers its 
uses are on quality papers, technical fiber bundles, textile ropes, twines, 
geotextiles and composites. For short bast fibers its uses are on building 
sectors, production of insulating products, paper pulp, MDF and building 
blocks (Müssig 2010). According to (Abiola, Kupolati et al. 2014), hemp 
fibers conduct heat, resists mildew and dyes very well. 
 
2.  Leaf fiber: 
 
• Abaca: 
Abaca or Manila hemp has an appearance that is similar to banana plant, 
however it is totally different in properties. Abaca fibers were not involved 
in civil construction because of its lack of availability around the world. 
Abaca is mostly used in fishing nets due to its high resistance to saltwater 
(Blackburn 2005). 
 
3.  Seed/fruit: 
According to (Chandramohan and Marimuthu 2011) seed fibers are 
composed from seeds or seed cases. Seed fruit includes cotton and coconut. 
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•   Coconut: 
Coconut fiber or coir have been considered as a low-quality, low-value 
product with usage on some applications mainly for marine and fishing. One 
of the main properties for coconut fibers is its resistant to seawater, and for 
that its usages are for marine and fishing (Müssig 2010). Further discussion 
of coconut fibers will be discussed later under the heading of Coconut fiber 
properties. 
4.  Grass: 
 
• Bamboo: 
According to (Faruk, Bledzki et al. 2012), bamboo (bambusa sherb) is an 
enduring plant; it grows in monsoon climates and can grow up to 40m in 
height. It has been used in construction, weaving and plaiting. 
 
5.  Animal fibers: 
 
• Silk: 
Silks standout among the natural fibers. The diversity of silk types and its 
properties is vast.  Silks are mainly produced from butterflies and spiders 
(Müssig 2010). 
• Wool: 
Wool is almost available anywhere in the world, produced by sheep. It is 
mainly used in the textile industry (Müssig 2010). 
 
2.2.2 NATURAL FIBER PROPERTIES 
  
Properties of natural fibers differ with regards to its works, its use, moisture 
conditions and different testing methods. Not all natural fibers have the 
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same properties; each type is different from one another. As mentioned 
earlier in natural fiber types, every component is different than the other and 
it all depends on its resource and its length (Müssig 2010).  
 
In general, natural fibers will generally be very similar in properties from 
one another, including reasonable specific strength, low cost, low density, 
non-abrasiveness, toughness, and good thermal properties (Methacanon, 
Weerawatsophon et al. 2010).  
 
2.2.3 APPLICATIONS OF NATURAL FIBER 
 
In recent times, there has been a growth in natural fiber manufacturing and 
its use.  The fact is that natural fiber applications are numerous due to its 
eco-awareness and also due to it being environmentally friendly. In 
addition, natural fiber use has grown in the past number of years and some 
scientists and engineers have established a way to use natural fibers in 
different sectors. According to (O. D. Samuel 2012) there was a 
development for using natural fibers as a reinforcement in automotive and 
construction sectors. (Riedel and Nickel 2005) mentioned different 
applications for natural fibers such as furniture and construction. Moreover, 
it has been mentioned that natural fibers have been used in the interior 
cladding of railway carriages and aircraft bodies. 
 
Natural fiber is favorable in the automotive industry due to its benefits from 
using it. (Chandramohan and Marimuthu 2011) mention the benefits which 
include: 
• Low density, that will lead to a weight reduction of 10% to 30% 
• Satisfactory mechanical properties, good acoustic properties. 
 
Natural fiber usage is a win-win situation according to (Co 2012), Ford 
manufacturer is using more than 31 tons of coir per year in its consumer 
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products. Also the author noted that coconut fibers, which were considered 
as waste stream from industries, should be used to increase the stability of 
their cars. 
 
2.2.4 ADVANTAGES AND DISADVANTAGES OF 
NATURAL FIBER  	
Each kind of natural fiber is different than the other with regards to its 
advantages and disadvantages. In general, most of the common advantages 
are low cost, low density, proper mechanical properties and most 
importantly its availability as a renewable resource (Dorez, Taguet et al. 
2013). Furthermore, natural fiber has a low specific weight and because of 
that, it does have a higher specific strength and higher stiffness than glass 
fiber, its production with low investment at low cost could be an interesting 
product for third world countries (Chandramohan and Marimuthu 2011).  
 
On the other hand, one of the main disadvantages of some natural fibers is 
water resistance, they swell in water and that could lead to either shrinkage 
or stretching (Humphries 2009). 
 
2.2.5 APPLICATIONS IN CIVIL ENGINEERING 
 
The use of natural fibers in recent years has grown significantly especially 
in the construction industry.  Recent developments of researchers have 
indicated that, natural fiber has been combined with cement to increase 
cement flexural strength and reach an ultimate strength (Ali, Liu et al. 
2012). Attention has been given to ferrocement sandwich panels due to the 
fact it provides an economic method of providing structural requirement and 
thermal insulation (Alavez-Ramirez, Chiñas-Castillo et al. 2012). Both 
natural and synthetic fibers have been used over 40 years in industrial slabs, 
floors, and pavements (Mobasher, Bakhshi et al. 2014). 
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2.2.6 CONSIDERATIONS OF USING NATURAL FIBERS IN 
BUILDING MATERIALS 
 
Natural fiber has received some attention in the past number of years to be 
used in building materials instead of using synthetic fibers. The major 
properties that lead to this attention is that, using natural fiber will offer a 
huge amount of money that could be saved and that could lead to the 
benefits relating to the processing compared to synthetic fibers (Asasutjarit, 
Charaoenvai et al. 2007). 
 
In recent times, researchers have used natural fibers to replace steel or 
synthetic fibers in composites such as cement paste, mortar and concrete. 
Natural fibers that have been used include coconut, jet, sisal, leaf, banana, 
bamboo, hemp and flax (Ali, Liu et al. 2012). Using natural fibers such as 
coconut with cement provides an increase in some of the mixture properties 
such as flexural strength, increased toughness, post crack load bearing 
capacity and improved strength (Müssig 2010). 
 
2.3 COCONUT FIBER 
 
In this research paper, coconut fiber will be used as the primary material and 
all tests will be based upon it. Coconut fiber could be found especially in 
tropical countries and it is widely available if needed. Coconut fiber comes 
in two different types, white and brown fiber. White fiber is extracted from 
the immature coconuts shell whilst brown fiber is extracted from the 
matured shell of the coconut (Ali 2010). Because of its properties, coconut 
fiber is a good material amongst all natural fibers that have been used in 
construction. In addition, Coconut fibers have been used in the last decade 
as a construction material (Ali, Liu et al. 2012). (Müssig 2010) Mentions an 
interesting fact about coconut fiber, the following was mentioned: 
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“In hot climates it gives cool comfort and in cold weather it retains 
warmth” 
 
2.3.1 COCONUT FIBER PROPERTIES 
 
By comparison to other fibers, coconut fiber is classified as the toughest 
fiber amongst all natural fibers (Ali, Liu et al. 2012). Moreover, coconut 
fiber is considered to be waterproof and has a high resistance to salt water 
and microbial degradation (I.Z. Bujang 2007). Furthermore, coconut fibers 
main mechanical properties include elongation, breaking load, tensile 
strength and initial modulus (Müssig 2010). 
 
2.3.2 PREVIOUS WORK ON COCONUT FIBERS  
 
(Ali, Liu et al. 2012) investigates the influence of coconut fiber mixed in a 
reinforced concrete with different content by mass of cement and different 
fiber lengths. In that study, it has been noticed that some properties that 
could improve the properties in a mixture, properties could increase or 
decrease based on giber length and content and found that 5% of fiber 
content has the best overall mechanical and dynamic properties.  
 
(Alavez-Ramirez, Chiñas-Castillo et al. 2012) had come up with a solution 
in Mexico where there is a huge demand for thermal insulation, in their 
experiment they have come up with a ferrocement panels were the coconut 
fiber pressed in the wood form and then the mortar rendered coconut filled 
ferrocement panel in sandwich configurations; by that solution, thermal 
conductivity was lower than in the previous materials used.  
 
(Rodríguez, Yáñez-Limón et al. 2011) noted in their study that using 
coconut fiber as an insulation material had significantly reduced the room 
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temperature; it also found that the heat waves intensity through the concrete 
was lower than before due to the fact that coconut fiber had been used as a 
thermal barrier so that temperature can be better than before during the day 
and night. 
 
2.4 BUILDING WALL CONDUCTIVITY AND ITS 
IMPORTANCE 
 
In some tropical countries where the temperature could achieve a higher rate 
in energy consumption, it can be reduced by using biodegradables fibers as 
a construction material (Rodríguez, Yáñez-Limón et al. 2011). The 
awareness of the environment had led to the increase of biodegradables 
fibers since its eco-friendly and its low impact to the environment (Alavez-
Ramirez, Chiñas-Castillo et al. 2012).  
 
In some parts of the world where it could reach a high temperature in 
summer, wall materials with insulated walls and slabs give comfort to 
occupants. Another issue that could be solved by insulated materials is the 
energy consumption. According to (Dylewski and Adamczyk 2011),  one of 
the most effective ways for saving energy consumed because of heating and 
cooling buildings is thermal insulation. Some studies in USA show that 50-
70% of energy used in houses is only for heating and cooling. This 
percentage could differ from other countries, for that reason wall insulation 
is a very effective way to reduce the amount of electricity consumed per 
month (Al-Homoud 2005). 
 
2.5 WALL MATERIALS BASED ON NATURAL FIBER 
 
In the last two decades, there has been some awareness on the environment 
and waste reduction; the progress of natural fibers based concrete 
composites has gained some attention (Charoenvai, Khedari et al. 2005). 
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(Alavez-Ramirez, Chiñas-Castillo et al. 2012) mentioned that in their study 
a ferrocement had been used in the experiment with coconut fiber.  
 
2.6 ECONOMIC ASPECT 
 
A large amount of waste from natural fiber can be disposed of by several 
techniques and be reused again and be produced into new products. Some of 
those materials are being used already nowadays. After a series amount of 
tests on thermal conductivity, durian and coconut are the most interesting 
products due to the fact that they have the lowest thermal conductivity. 
Finally, nature propose to use waste especially fruit waste as an alternative 
option (Khedari, Suttisonk et al. 2001).  
 
As discussed earlier, one of the best advantages about natural fiber is its 
availability. In some cases natural fiber is classifies as waste and it will not 
cost that much and will requires a low amount of money to use it. One of 
the major benefits of thermal insulation is the energy cost and the energy 
savings which could be achieved (Al-Homoud 2005). 
 
2.7 MECHANICAL PROPERTIES 
 
The mechanical properties in natural fiber could be different from one kind 
to another; with regards to the geometry of the fibers and the type of study. 
This was studied by (Mobasher, Bakhshi et al. 2014) where it have been 
discover the differences between types of fiber. Table 1& Table 2 represent 
the different properties between natural fibers. 
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Table 1: Natural fiber mechanical properties (Chandramohan and Marimuthu 2011). 
 
Table	2:	Natural	fiber	mechanical	properties	(Ku,	Wang	et	al.	2011).	
 
(Abiola, Kupolati et al. 2014) performed some studies on natural fibers 
especially in bitumen and found that natural fibers have a low degradation 
temperature; and using coir fibers improved fatigue life of bitumen mix. 
(Al-Oraimi and Seibi 1995) have also studied the impact of adding both 
natural and glass fibers with the mixture which led to some interesting facts, 
there was a decrease in compressive strength in both samples that have glass 
and natural fiber compared to plain sample, and also the results show a 
decrease in strength for both samples. On the other hand, based on their 
studies adding natural fiber have increased toughness and impact of 
Fiber type Density 
Kg/m3 
Water 
absorption     
% 
Modulus of 
Elasticity 
E(GPa) 
Tensile 
strength 
(Mpa) 
Sisal 800-700 56 15 268 
Banana 800-750 40-50 17 170-350 
Coconut 145-380 130-180 19-26 120-200 
Fiber type Density 
Kg/cm3 
Elongation 
% 
Tensile 
strength 
MPa 
Elastic 
modulus 
GPa 
Cotton 1.5-1.6 7.0-8.0 400 5.5-12.6 
Jute 1.3 1.5-1.8 393-773 26.5 
Flax 1.5 2.7-3.2 500-1500 27.6 
Hemp 1.47 2-4 690 70 
Sisal 1.5 2.0-2.5 511-635 9.4-22 
Coir 1.2 4.4 1000 40 
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resistance but it has decreased its flexural strength.Table 3 shows the 
difference between samples with different fiber based on volume. 
 
Table 3 summary of results based on research done by (Al-Oraimi and Seibi 1995) 
Type of concrete Compression test 
(N/mm2) 
Flexural strength 
(N/mm2) 
Plain 77 10.4 
Glass fiber 0.1 65 10.2 
0.15 67.3 10.1 
0.2 61.8 9.6 
Natural 
fiber 
0.05 62.3 9.9 
0.1 65 9.8 
0.15 60.2 9.4 
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CHAPTER 3 – METHODOLOGY  
 
  3.1 INTRODUCTION 
 
In this chapter, a discussion will be given as to the chosen methodology, 
which was adopted for this dissertation. The methodology will begin with 
the selected samples and then the preparation process. Basically, three 
fundamental tasks were completed to accomplish the objectives of this 
study. Firstly, material preparation and selection, followed by the heating 
conductivity test and finally the compression test. 
 
For this dissertation, coconut fibers have been chosen due to their 
properties. All materials were obtained locally from local stores in 
Toowoomba. Materials have been divided into two groups, the first group 
will be rinsed completely with water, the second group will be rinsed with a 
combination of 90% water and 10% laundry powder and soaked in water for 
24 hours and then it will be given time to dry.  
 
Two tests will be performed for the selected materials. The first one will be 
using “heat conductivity measurement setup”. In this machine, heat will be 
transferred in one side and cold temperature will be transferred in the 
opposite side, then the heat moisture will be measured in the selected 
sample by drilling 5 holes in the center of the sample. The second test will 
be performed using the compressive strength test. 
 
Table 4 samples properties used on this research 
Sample Fiber weight 
Sample A 0% 
Sample B 1% 
Sample C 2% 
Sample D 3% 
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3.2 MATERIALS SELECTION AND PREPARATION 
 
This section will outline the materials selections and preparation stage. 
 
3.2.1 MATERIALS SELECTION 
 
For the purpose of this dissertation, the sample type chosen is coconut fiber. 
Materials were purchased from local stores in Toowoomba, Queensland, 
Australia. According to (Ali 2010) coconut fiber production each year is 
estimated to be approximately 500,000 tons annually, the literature review 
has indicated that coconut fiber is available for research use. The cement 
used in the samples was provided by cement Australia with the following 
properties: 
 
 
Figure 2 cement properties and details (Australia 2011) 								
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3.2.2 MATERIAL PREPARATION 
 
The preparation process involves running water on all samples to ensure the 
cleanliness of the samples. Another reason for running water on the samples 
was to maximize adhesion of the cement paste. Once cleaned, one sample 
was left to dry in room temperature and the other sample was soaked for 24 
hours with 10% laundry powder and 90% water. The optimum length for 
coconut fiber is between 1 and 3 cm 
Figure	3	material	preparations 
 
3.2.3 MOULD PREPARATION PROCESS 
 
In this research, the best option is to use small plastic containers for 
sampling. Each sample has the same size but differ in weight in both cement 
mixture and coconut fiber. Samples were sprayed with oil to prevent the 
samples from sticking to the mould.  
 
Total number of samples are seven samples all with the same size but in 
difference in cement/coconut fiber percentage. 
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3.2.4 SAMPLE PREPARATION 
 
Based on the cement water ratio, for each 1kg of cement, 0.12L of water 
was used. As shown in Table 5, samples are divided into two categories, 
treated and untreated. The untreated category will be the samples with fiber 
that have been rinsed with water only, the treated category will be the 
samples soaked in 90% water and 10% laundry powder for 24 hours. 
 
The reason for dividing the samples into two categories is to examine the 
behavior of coconut fiber if it is treated with chemicals, which is the 
reasoning for this dissertation, and to see the effects when the samples are 
only rinsed with water for cleaning purposes. For the purpose of this 
dissertation, maximum weight of fiber will be 3%. 
 
Table 5 represents all samples properties 
Untreated % Of fiber 
From 
weight 
% Of reinforced 
cement from 
weight 
Treated % Of fiber 
From weight 
Sample A %0 %100 Sample A1 %0 
Sample B %1 %99 Sample B1 %1 
Sample C %2 %98 Sample C1 %2 
Sample D %3 %97 Sample D1 %3 
 
Figure 4 below shows the cement whilst being mixed with water to prepare 
the first sample, which was the sample with 100% cement and 0% fiber. All 
details for cement mixture properties are presented in Figure 2 in section 
3.2.1. 
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Figure 4 shows the procedure of mixing cement 
3.3 EXPERIMENTAL PROCEDURE 
 
 All experiments for this dissertation were conducted in the laboratories of 
the University of Southern Queensland. Each sample was tested separately 
in accordance to the type of test. In this dissertation, two experiments were 
performed for each sample. The experiments begin by performing the 
heating conductivity test on the sample, followed by conducting the 
compression test on the same sample before moving on to the next sample. 
In each experiment, seven samples were tested. All details of the tests are 
discussed in the next few sections. 
 
3.3.1 HEATING CONDUCTIVITY 
 
During this test, each sample will face heat from two sides to indicate the 
heating conductivity. Before the experiment begins, five holes are drilled in 
each sample to ensure an accurate reading. A total of 19 readings occur 
every five minutes. Figure 5 below shows all of the equipment used in this 
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experiment. A heating gun, reading sensors and thermostat are used as 
shown below.  
 
Figure 5: heating conductivity test devices 
At the beginning of the experiment, six readings will be taken which 
includes the room temperature, first, second, third, fourth and fifth holes as 
shown in Figure 6. Starting time will be recorded to get an accurate reading 
time and every reading will occur every five minutes for the next 90 
minutes for each sample. Samples will be placed approximately 4cms away 
from the heating gun prior to the experiments beginning as shown in Figure 
7. 
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Figure 6 Zoomed picture to show sensors on samples 
 
Figure 7 measurement of distance between sample and heating gun 
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3.2.2 COMPRESSION TEST 
 
Compression tests will be performed on all samples to understand the 
effectiveness of coconut fibers on the samples especially their breaking 
point. As indicated earlier, each sample has a different quantity of coconut 
fiber included in its mix. Thus, the reading for each sample will be different 
depending on the percentage of coconut fiber in each of the samples. The 
compression testing will be performed in the University of Southern 
Queensland laboratories under the supervision of USQ faculty members. As 
shown in Figure 8 & in Figure 9, samples have been tested before and after 
applying the test. 
 
Figure 8 shows sample before compression test 
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Figure 9 shows sample after compression test	
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CHAPTER 4  RESULTS AND DISCUSSION 
4.1 INTRODUCTION 
 
In this chapter, the results of the experiments on each of the samples will be 
discussed. The results will also outline the effects of the experiments on the 
samples based on the testing method used. Samples have been divided into 
two categories, namely treated fiber and untreated fiber. As mentioned in 
the previous chapter, the following points will be discussed:  
 
• The result of the heating conductivity test and its influence on each 
of the samples and, 
• The effects of adding coconut fiber into the samples and how it will 
affect the sample under compression.  
 
It was noticed that there were some minor differences in sample sizes; 
differences between materials were 0.4 cm in length and diameter. Readings 
from the heating conductivity test indicated that this minor difference was 
not affecting the results produced from the samples. However, size 
differences had an impact on the compression test results, though were not 
major. 
 
4.2   THERMAL CONDUCTIVITY OF THE MATERIALS  
 
The following points will discuss the results based on the samples used 
for this dissertation. It is important to note the following: 
• T1 – stands for temperature in hole number one which is facing 
the heating gun. 
• T2 – stands for temperature in hole number two. 
• T3 – stands for temperature in hole number three. 
• T4 – stands for temperature in hole number four. 
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• T5 – stands for temperature in hole number five. 
• T6 – stands for temperature in hole number six which is on the 
other side of the sample 
 
 
4.2.1 INFLUENCE OF 1% FIBER ON A SAMPLE 
 
As shown in Figure 10, T2 increased after 90 minutes and reaches 41.5 
Celsius and T6 reaches 30 Celsius. Furthermore, the difference between T2 
and T6 is 11.5 Celsius. Therefore, from time 0 to 90 minutes the increase 
for T6 is 9.3 Celsius. In addition, Figure 11 represents the readings on 
samples, where treated fiber was mixed with. In this samples readings after 
90 minutes is 41 Celsius in T2 and 34 Celsius in T6 with a 7 degree Celsius 
difference. 
 
 
 
Figure 10 represents the temperature for sample 1% untreated fiber 
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Figure 11 represents the temperature for sample 1% treated fiber 
 
Table 6 shows the temperature for the sample from time 0 to time 45 
minutes in the treated samples has increased in T2 by 50% and in T6 by 
38.5%. For the untreated samples, it increased by 60% in T2 and 45% in T6. 
Moreover, the increase percentage from 45 to 90 minutes is 1.2% in T2 and 
6.76% at T6 for treated samples and 1.9% at T2 and 4% at T6 for untreated 
samples. Thus, on average, the temperature has increased in treated samples 
by 24.1% and increased by 27.7% in untreated sample where the percentage 
of coconut fiber was 1% of the weight. 
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Table 6 represents reading on 0, 45 and 90 minutes for samples have 1% fiber 
Readings at 0 
minute 
T2 T6 
Treated 20.3 Treated 19.5 
Untreated 16.3 Untreated 15.9 
Readings at 
45 minutes 
Treated 40.5 Treated 31.7 
Untreated 40.7 Untreated 28.8 
Readings at 
90 minutes 
Treated 41 Treated 34 
Untreated 41.5 Untreated 30 
 
4.2.2 INFLUENCE OF 2% FIBER ON A SAMPLE 
 
Figure 12 & Figure 13 represents the readings on both samples that have 2% 
coconut fiber where Figure 12 is treated and Figure 13 is untreated fiber. In 
sample with untreated fiber, after 90 minutes the temperature readings were 
41.5 Celsius at T2 and 29.5 Celsius at T6 with a difference of 12 degree 
Celsius. Also, in sample with treated fiber, readings at 90 minutes were 40.2 
Celsius at T2 and 32.5 Celsius at T6 with a difference of 7.7 Celsius. 
 
Based on Table 7 below, the increasing percentage for samples that have 
2% treated fiber from 0 to 45 minutes is 36.8% for T2 and 21% for T6. For 
samples that have 2% untreated fiber the increasing percentage for the same 
period of time is 48.9% for T2 and 21% for T6. The increasing percentage 
has fallen after 90 minutes, for samples with 2% treated fiber, temperature 
has increased 3.48% at T2 and 3.38% at T6. On the other hand, readings for 
samples that have 2% untreated fiber at T2 did not change, however it 
increased 9.94% for T6. Thus, the average increase for samples in 
percentage were 16.16% for samples with untreated fiber and 20.29% for 
samples with treated fiber. 
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Table 7 represents reading on 0, 45 and 90 minutes for samples with 2% fiber 
Readings at 0 
minute 
T2 T6 
Treated 24.5 Treated 24.8 
Untreated 21.2 Untreated 20.6 
Readings at 
45 minutes 
Treated 38.8 Treated 31.4 
Untreated 41.5 Untreated 26.7 
Readings at 
90 minutes 
Treated 40.2 Treated 32.5 
Untreated 41.5 Untreated 29.5 
 
 
 
 
Figure 12 represents temperature change for sample have 2% treated fiber 
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Figure 13, represents temperature change for samples have 2% untreated fiber 
 
4.2.3 INFLUENCE OF 3% FIBER ON A SAMPLE 
 
Figure 14 & Figure 15 represent the readings in samples that have 3% 
untreated fiber and samples that have 3% treated fiber, where readings in 
samples with 3% untreated fiber were 45.8 degree Celsius in T2 and 54 
degree Celsius on samples with 3% treated fiber in T2. Moreover, readings 
on T2 on both samples were 29.1 Celsius on sample with 3% untreated fiber 
and 35 Celsius on samples with 3% treated fiber. The differences between 
readings on T2 and T6 in sample with 3% untreated fiber were 16.7 degree 
Celsius and 19 degree Celsius in sample with 3% treated fiber. 
 
Based on Table 8, temperature has increased rapidly on samples from 0 to 
45 minutes, both samples recorded 61% increase on samples that have 3% 
treated fiber and 55.3% increases on samples with 3% untreated fiber on T2, 
while it increases by 47.8% for samples with 3% treated fiber and 23.3% for 
samples with 3% untreated fiber on T6. The amount of increasing 
percentage has fallen down after 45 minutes especially in T6 due to the ratio 
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of coconut fiber in the sample. In addition, the increasing percentage after 
90 minutes were 14.44% for samples that have 3% treated fiber and 12% for 
samples that have 3% untreated fiber on T2 and 1.14% for samples that 
have 3% treated fiber and 18.9% for samples that have 3% untreated fiber 
on T6. The average increase for both samples was 27.81% for sample that 
have 3% treated fiber and 27.37% for samples that have 3% untreated fiber.  
 
Table 8 represents reading on 0, 45 and 90 minutes for samples 3% treated fiber & 3% 
untreated fiber. 
Readings at 0 
minute 
T2 T6 
Treated 18.3 Treated 18.1 
Untreated 18 Untreated 18.1 
Readings at 
45 minutes 
Treated 46.2 Treated 34.6 
Untreated 40.3 Untreated 23.6 
Readings at 
90 minutes 
Treated 54 Treated 35 
Untreated 45.8 Untreated 29.1 
 
 
 
 
Figure 14 represents temperature change for sample have 3% treated fiber 
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Figure 15 represents temperature change for sample with 3% untreated fiber 
 
4.2.4 CEMENT ONLY SAMPLE 
 
Based on Figure 16, samples with 0% fiber readings on both T2 and T6 at 
90 minutes were 44.3 and 32.6 degree Celsius with a difference of 11.7 
degree Celsius. 
 
According to Table 9, temperature has increased on both T2 & T6 after 45 
minutes by 55.17% & 38.14% whilst it increased very slowly on both T2 & 
T6 after 90 minutes by 1.8% & 4.29% with an average of 24.85%. 
 
Table 9 represents reading on 0, 45 and 90 minutes for sample with 0% fiber. 
 T2 T6 
Readings after 0 
minute 
19.5 19.3 
Readings after 45 
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43.5 31.2 
Reading after 90 
minutes 
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Figure 16 temperatures reading on sample with 0% fiber 
 
4.3 THERMAL REDUCTION 
 
The following graphs will discuss reduction rates in general and 
compare all samples with each one to know which sample reduction 
rate was high. It is important to note the following before reading the 
following points: 
• RT1 – stands for reduction rate for temperature in hole 
number one which is facing the heating gun. 
• RT2– stands for reduction rate for temperature in hole 
number two. 
• RT3– stands for reduction rate for temperature in hole 
number three. 
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• RT4– stands for reduction rate for temperature in hole 
number four. 
• RT5– stands for reduction rate for temperature in hole 
number five 
• RT6– stands for reduction rate for temperature in hole 
number six which is located on the opposite side of the 
sample. 
 
4.3.1  INFLUENCE OF 1% FIBER ON REDUCTION RATE 
 
Based on the reduction percentage shown in Figure 17, sample with 1% 
untreated fiber have reduced on RT2 by 36.8% over 90 minutes and RT6 
have decreased by 29.25% over 90 minutes. In addition, most reductions 
showed on readings based on this sample is on RT4 by 42.36% over the 90 
minutes where RT4 is 7 cm away from the heating gun. Both RT2 and RT3 
have decreased in a similar percentage. There was a major difference 
between TR5 & RT6 and RT2 & RT3. On the other hand, there were 
differences between readings on samples that have 1% untreated fiber and 
treated fiber. As shown in Figure 18, RT6 has a reduction rate more than 
other readings by 37.26% over 90 minutes while RT5 reduction rate was 
minor by 24.611%.  
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Figure 17 shows reduction for sample 1% untreated fiber 
 
Figure 18 shows reduction fir sample 1% treated fiber 
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4.3.2 INFLUENCE OF 2% FIBER ON REDUCTION RATE 
 
As shown in Figure 19, RT6 has a reduction rate of 29.49% over the 90 
minutes where RT2 has a reduction rate of 50%. On this sample both RT2 & 
RT3 have a larger reduction rate compared to readings on RT5 & RT6. The 
reason why both reduction rates at the beginning are larger compared to the 
final reduction rates is due to the temperature being high from the heating 
gun and it has reduced more on the first two reduction rates. On the other 
hand, Figure 20 RT2 has a reduction rate of 33.9% where RT6 has 31.69 
where RT6 has a large reduction rate compared to RT5. 
 
 
Figure 19 shows reduction for sample 2% untreated fiber 
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Figure 20 shows reduction for sample 2% treated fiber 
 
4.3.3 INFLUENCE OF 3% FIBER ON REDUCTION RATE 
 
Samples with 3% fiber (treated and untreated) have larger reduction rate 
compared to other samples. Figure 21 shows that all reduction rates are 
increasing and it could be the same as reduction rate on RT2 after more 
time. From the graph reduction rate on RT6 over 90 minutes is 36.20% 
where it is 55.80% on RT2.  As shown on Figure 22, samples with 3% 
treated fiber have 35.47% reduction rate on RT6 and 39.2% on RT2. 
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Figure 21 shows reduction for sample 3% untreated fiber 
  
 
Figure 22 shows reduction for sample 3% treated fiber 
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4.3.4 INFLUENCE OF 0% FIBER ON REDUCTION RATE 	
From Figure	 23, it has been noticed that sample with cement only has a 
larger reduction rate compared to other materials on RT6 by 45.16% after 
45 minutes while reduction rate has decreased to 6.33% on RT6 after 90 
minutes. Also, it has been noticed that both RT5 & RT6 has the same 
reduction rate over the 90 minutes. In addition, the maximum reduction rate 
on this sample were shown on RT2 which decreased by 51.85% after 45 
minutes and it remains a steady pace in the next 45 minutes which has 
decreased only by 3.07% at the 90 minute. 	
	
Figure	23	represents	reduction	rates	for	sample	with	0%	fiber	
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4.3.5 SUMMARY OF REDUCTION RATE 	
Based on the discussion about thermal reduction there are points to be 
considered: 
• Samples with untreated fiber have shown that reduction rate is 
identical with difference of 1% especially on samples that have 1% 
and 2%. 
• All samples with untreated fiber shows that reduction rates declines 
without being less than the reading before while samples with 
treated fiber shows that RT6 declined more than RT5. 
• Reduction rates for samples with untreated fiber shows that 
reduction rate could increase after 90 minutes whereas samples with 
treated fiber have reached a point where reduction rate cannot 
increases any further. If the actual time increased to 180 minutes 
maybe there will be increasing on reduction rate. 
 
In comparison, both samples that have treated and untreated fiber have 
reduction rates that were not the same to each other. This brings to mind 
that both treated and untreated fiber has been dispatched randomly with 
respect to weight but in a random position in the sample. This indicates that 
fiber position in a sample could affect reduction rates on any sample. This 
case has appeared on all samples. 
 
4.4 OPTIMUM MATERIALS  
 
 
When looking at Figure 24 & Figure 25, it compares the reduction 
percentage between all samples based on the heating conductivity test. The 
graph has sorted the materials based on the reduction percentage from 
higher reduction on samples to samples that recorded a lower percentage of 
reduction. The graphs shows that there are two lines blue and red, all have 
been calculated based on readings on samples but with different data.  
Figure 24 was calculated using the following formula: 
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 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 T1,1𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 𝑇1,1− 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 𝑇5,1 ×100 
 
Whereas Figure 25 was calculated using the following formula: 
 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 𝑇5𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 𝑇2− 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑛 𝑇5 ×100 
 
It has been noticed that samples that have 3% treated or untreated fiber have 
scored a lower reduction in 90 minutes compared to other materials. In 
addition, untreated fiber had 1% more reduction than treated fiber and this 
brings to mind that untreated fiber is better than treated fiber in amount of 
reduction based on those figures. Moreover, it has been noticed that there 
were no major differences between samples that have 2% and 1% fiber for 
both treated and untreated. On the other hand, sample with 3% treated fiber 
compared to samples with 3% untreated fiber have lower reduction 
percentage. 
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Figure 24 compare all materials based on reduction percentage between RT1 and RT5. 
 
Based on Figure 25, 3% treated fiber has recorded higher reduction between 
T2 & T5 followed by 2% untreated fiber then cement. This reduction was 
calculated based on readings on both T2 and T5 where on the previous 
graph it was calculated based on T1 and T5, this means that the readings on 
T2 at 90 minutes was reduced by 46% in 3% treated fiber and 43% in 3% 
treated fiber. In fact, since there was a difference on the tanking of samples 
reduction this still means that samples with 2% fiber both treated and 
untreated are still much better based on temperature reduction due to the 
fact that reduction for samples were more for those samples compared to 
3% fiber. 
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Figure 25 compare all materials based on reduction percentage between RT2 and RT5. 
 
It brings to mind that when a sample has more fiber reduction, it will be 
higher but based on the actual readings and calculations it was not. It is also 
important to note that reduction to samples with 0% fiber is somewhat 
similar to samples with 3% fiber both treated and untreated. 
 
4.5 PRELIMINARY RESULTS FOR COMPRESSION TEST 
 
Figure 26 represents the difference between all samples where tests have 
results to an interesting result. It should be noted that there were some minor 
difference between samples and that difference were in millimeters. When 
mixing the fiber into the sample it was difficult to mix it with concrete due 
to the fact that coconut fiber is hard to separate from each other and will 
lead the sample to failure because it will make an empty space in the sample 
which leads to different readings on compression test. Moreover, from 
Figure 27, it shows that samples have 0%, 1% untreated and 3% treated 
fibers have the same result, which is 5.7 kN. However, stress was different 
between all samples and sample that have 0% fiber are the highest by 
14Mpa followed by 2% untreated fiber sample then 1% untreated sample 
comes after.  
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Figure 26 comparing between all samples based on compression test results 
 
 
Figure 27 comparing between all samples based on stress 
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4.6   SUMMARY 	
 
In summary, it is clear that adding coconut fiber with the mixture could 
improve its capability of thermal conductivity and improves other 
properties. In this chapter, results for heating conductivity have been 
discussed and was presented to give a clear understanding of the results.  
 
It has also been discussed how the mixture properties will be developed 
when using coconut fiber. This chapter also pointed that adding more 
coconut fiber to the mixture could result in more thermal conductivity 
and improvements in mechanical properties. It has also have been 
discussed the consequences of adding more natural fiber on samples 
based on the writers’ point of view.  
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CHAPTER 5  CONCLUSION AND 
RECOMMENDATION 
  
This chapter will conclude this dissertation along with recommendations for 
future studies. 
5.1 CONCLUSION 	
In conclusion, this dissertation considered the use of coconut fiber in 
structural elements and its affect, especially on thermal conductivity. In 
some countries, the use of natural fiber as a secondary reinforcement has 
been developed in the last era alongside cost reduction. The use of coconut 
fiber with the mixture has led to reducing temperature and increased its 
thermal conductivity, and this could be helpful for countries that have hot 
climates. 
 
On this dissertation all samples have been treated the same under the same 
condition. This dissertation found that increasing fiber weight could led to 
increasing the mixtures thermal conductivity. However, for some samples 
where fiber weight is high it did not increase its thermal conductivity. Based 
on the samples readings, it could be noticed that samples with 2% coconut 
fiber have increased its thermal conductivity compared to other materials 
and it has been found that sample with 2% untreated fiber is better than 2% 
treated fiber. The results of the tests indicate that adding coconut fiber to the 
mix improves the mixtures thermal conductivity compared to sample with 
cement only.		
This dissertation found that adding natural fiber to the mixture could change 
the breaking point for the samples and this was shown on samples that have 
1% & 3% untreated fiber were the same as sample with 0% fiber. It has 
been noticed that adding more fiber to the mixture could decrease the 
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cohesion of the sample and vice-versa. This issue is because coconut fiber 
has higher water absorption compared to others. 
 
5.2 RECOMMENDATIONS 		
Adding natural fiber as reinforcement in cement will improve some 
properties and increase others. These have led to some suggestions while 
this research was in progress. It is recommended that this research could be 
improved with further useful studies. Therefore, it is recommended that 
using more fiber ratio with respect to sample weight. Another suggestion is 
considering of using secondary natural fiber or synthetic fiber along with 
coconut fiber for heating conductivity tests or compression test. It has 
indicated that jute and coir fiber do have good mechanical properties and 
further compression test could occur to determine the differences. 
 
This dissertation found that the position of fiber in a sample could make a 
difference to its thermal conductivity, so it would be possible to know the 
relationship between the position of fiber in a sample and its thermal 
conductivity. Finally, when adding another natural or synthetic fiber in a 
sample along with coconut fiber how their position in a sample could affect 
thermal conductivity. Moreover, in this dissertation optimum length of 
coconut fiber was between 1 and 3 cm; it will be recommended to increase 
the length of fiber to know the difference on thermal conductivity. Finally, 
considering the shape of the sample and its heating conductivity and what is 
the relationship between those two. 
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APPENDIX D SAMPLE PREPARATION & HEATING 
CONDUCTIVITY TEST 
 
Weighting fiber for the samples 
 
Rejected materials 
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Cement mixture 
 
Heating gun 
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Thermostat  
 
 
highest length for fiber is 3 cm. 
